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1 INTRODUCTION

Squeeze flows are found in industrial, automotive,
food, biological, and engineering domains. Squeeze
flow rheometry is often used as a straightforward
tool to determine the flow properties of highly
viscous liquids [3]. When examining lower viscosity
solutions and suspensions where particle-particle
interactions can become more pronounced the
technique becomes more complicated. Published
reports on the squeezing flow of highly concen-
trated suspensions show that as the concentration
of a suspension gets very large, heterogeneities
come into the flow profile and cause fluid behavior
that is incongruous with most models. This study

evolved from the need to explain and predict
electrorheological squeeze flow for zeolite suspen-
sions [4].

The rheology of suspensions of particles
may differ from that of pure Newtonian liquids
in at least three ways. First in suspensions it is
possible to reach a concentration of the sus-
pended (solid) phase that is so high that hetero-
geneous flow occurs. Heterogeneous flow is flow
where more than one phase is present; in the case
of a concentrated suspension the suspended
phase would form aggregates of solid phase in
the dispersion. Already mentioned above this
case has yet to be dealt with quantitatively,
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tionship derived by Kitano and Kitaoka using
the Maron-Pierce equation [20] has been shown
to be one of the most broad useable relation-
ships covering several different effects in sus-
pensions [21, 22].

Einstein’s correlation for a suspension of
noninteracting hard spheres is given in Figure 8.
In the figure it only matches at the lowest con-
centration and this agrees with other sugges-
tions that his equation is only useful at very small
volume fractions. The empirical equation re-
quires an empirical constant A. For A = 0.68 which
corresponds to spherical particles it gives a slight
improvement above Einstein’s equation. The
equation does not agree with the expression
because zeolites as shown in Figure 9 are not rep-
resented well by spheres in solution. When the
empirical constant is set to 0.44 the curve agrees
with the data at the highest concentration using
constant area. This suggests not only that the
suspension is better matched by a rough crystal
then by the non interacting spheres, but further
validates the relative viscosity calculations for
squeeze flow. 

The low viscosity sample is shown in Fig-
ure 10. This figure demonstrates that similar to
the high viscosity suspension the spherical mod-
els do not work. However, the rough crystal mod-
el matches only at low values, but at higher val-
ues the relative viscosity values are much
greater. This is due again to particle-particle
interactions creating a larger overall force. Even
the high aspect ratio of 18 does not account for
the increases in relative viscosity.  Previously it
has been experimentally demonstrated that in
suspensions of aggregates as the irregularity
increases the packing volume parameter which
could be correlated to A also changes [22]. For the
porous zeolites this means both their porosity
and aggregation effects play significant role. At
all concentration the irregular shape and poros-
ity of the particles is significant. However, as
aggregation occurs at higher concentrations the
increasing of particle-particle effects change the
parameters as was shown for the rheology of the
suspension as well. 

5 CONCLUSION

From the results of the zeolite suspension
squeeze flow investigation, it can be concluded
that suspension concentration has at least two

effects on the squeezing force. The suspension
concentration increases the suspension viscosi-
ty in squeeze flow resulting in an increase in the
squeeze force. Also the increasing of the suspen-
sion concentration increases the likelihood that
phase separation will occur, and in the case of the
zeolites studied that phase separation will result
in particle-particle interactions that create a
greater squeezing force for lower viscosity fluids,
but a decrease in the squeezing force for high vis-
cosity fluids. 

The investigation reveals also the effects of
the carrier fluid viscosity on the sample. The
effect that the oil has on dependence of the con-
centration on the squeezing force in this test
showed that this effect increased with increas-
ing concentration. At low concentrations the
suspension for high and low viscosity oils were
very close to the same relative viscosities, but as
the concentration increased the effect that the
concentration had on viscosity for both oils
diverged. The higher viscosity oils minimize par-
ticle-particle interactions for the zeolites in the
suspension. The lower viscosity oils produced
suspensions more prone to particle-structural
effects. 

Finally the investigation revealed that both
effects of viscosity and concentration in a sus-
pension for squeeze flow need to be examined
not just in isolation, but synergistically. This is not
just because of phase separation, but due to the
nature of squeeze flow, which is transient and is
strongly affected by small changes in the bulk of
the material.   
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